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Introduction
It has been previously reported that obese individuals, along with those with eating disorders, have an inability to recognise, describe and distinguish their own emotions-known as alexithymia [1, 2] . Alexithymia (a term from the Greek meaning "no words for emotions") is a personality construct that comprises emotional and cognitive differences in ability to recognise and express one's own emotions, with current estimates placing prevalence rates of clinical alexithymia at 10% of adult Europeans [3] . Alexithymia is characterised as a set of consistent behaviours believed to be indicative of maladaptive, and potentially dysfunctional, emotion processing [4] . It is typically screened for using psychometric measures, with the 20-item Toronto Alexithymia Scale (TAS-20) being the most common instrument [5, 6] . Larger cohort scale studies, such as that by Mattila [7] have revealed that the expected mean population TAS-20 score was 45.8. Higher TAS-20 score indicate more difficulties with identifying and describing emotions, and a threshold of TAS-20 score above 60 defines clinically-significant alexithymia. Sex differences have also been frequently reported, with males scoring significantly higher than females [8, 9] .
Obesity has been reported to be associated with alexithymia [10, 11] as has anorexia nervosa [2, 12] , and alexithymia is a key feature in autism [13] . However, the mechanisms underlying the association between alexithymia and obesity remain to be elucidated. Inconsistent associations between alexithymia and obesity have been reported in different populations. Small scale case-control studies in Swedish and Italian populations have indicated that the prevalence of alexithymia in obese patients is higher than in healthy individuals [10, 11] although this finding is not consistently reported across all European countries [14, 15] .
Despite a wealth of data available in eating disorder patients [2] , little is known about the relationship between "normal" inter-individual variation in TAS-20 score and BMI in nonclinical cohorts. Research, thus far, has concentrated on alexithymia in cross-sectional examinations of clinical populations. Moreover, investigations of the relationship between changes in BMI and TAS-20 score over a lengthy time period are notably absent. Therefore, little is known about the stability of this personality construct over an extended time period. Furthermore, understanding the relationship between maladaptive emotion processing and BMI in the general population is of importance to provide clarity on inferences drawn about clinical populations. Accordingly, we have carried out a cross-sectional and longitudinal analyses of the relationship between BMI and TAS-20 score in an adult European population to determine whether i) BMI or ii) BMI change was associated with TAS-20 score.
Materials and methods

Study design and sample
This study is part of the Northern Finland Birth Cohort 1966 (NFBC1966) project. NFBC1966 is a general population-based birth cohort representing 96% of live births within two provinces in Finland (Oulu and Lapland) with expected delivery date fell in between 1 January 1966 and 31 December 1966) [16] . All children were followed-up from birth until the age of 46 years at defined time points. A wide range of data were gathered using questionnaires and/or clinical examinations, but only data at 31 years (postal questionnaire data received; N = 8767, clinical examination data received; N = 6033) and 46 years (postal questionnaire data received; N = 6868, clinical examination data received; N = 5861) time points were used in this study. TAS-20 questionnaires were administered via postal inquiry at 31-year (1997) and 46-year (2012) time points. Written informed consent was obtained from all participants either via postal inquiry or clinical examination at 31-year and 46-year time points. Ethical approval for the NFBC1966 project was obtained from the Ethical Committee of the Medical Faculty of University of Oulu and Northern Ostrobothnia Hospital District.
Participants were included in this study if they had BMI and TAS-20 data available (and were not pregnant) at both 31 year time point (1997; n = 4840) and 46 year time point (2012; n = 5421). Thus, 3274 (62.9%) of the total potential population (1396 males and 1878 females) were included in the longitudinal analysis of BMI change and TAS-20.
The socio-demographic variables from the NFBC1966 cohort included in this study were marital status, education, employment status and household income level. Marital status was classified as: i) married, ii) cohabiting, iii) single, iv) divorced, or v) widowed. Educational background was divided into four classes: from i) no education or unfinished basic education, ii) completed 9-year basic education with or without vocational training or vocational school or post-secondary school, iii) completed 9-year basic education or matriculation examination with or without polytechnic education to iv) completed 9-year basic education or matriculation examination with university degree. The employment status was categorised into three classes: i) employed, ii) unemployed, and iii) "others" (students, retired, and subjects on paternity or maternity leave). The reported family gross income in the previous year was divided into quartiles and used as income level.
TAS-20 score
The TAS-20 questionnaire has a three-factor structure, consisting of Difficulty Identifying Feelings (DIF), Difficulty Describing Feelings (DDF), and Externally Oriented Thinking (EOT). TAS-20 scores are normally distributed in the NFBC1966 population at both 31-year and 46-year time points. Alexithymia was determined as TAS-20 score !61 [6] . Change in TAS-20 was calculated as ΔTAS-20 = TAS-20 46y -TAS-20 31y. The scale showed good internal consistency in Finnish translation for TAS-20 score (Cronbach's alpha = 0.83), DIF (Cronbach's alpha = 0.81), DDF (Cronbach's alpha = 0.77) and EOT (Cronbach's alpha = 0.66) [17] .
Body mass index
BMI, based on clinical examination, was calculated as weight (in kilograms) divided by height (in metres) squared (kg/m 2 ) and BMI groups were according to the WHO International Classification system [18] . BMI was also subdivided into quartiles at each time point; Q1 31y : 15. 
Statistical analyses
TAS-20 and BMI data are presented as means (±SD). Analysis of covariance (ANCOVA) and
Pearson correlation (r) were undertaken to assess the relationship between BMI and TAS-20 score. Sex, marital status and several other socio-economic indicators were adjusted for as potential confounders. All statistical tests were two-tailed with an alpha set to 0.05 level. Statistical analyses were conducted with SPSS v.20.0 (Armonk, NY: IBM Corp).
Results
From the whole NFBC1966 cohort, 4841 and 5404 participants responded to both TAS-20 and socio-demographic questionnaires (Tables 1 and 2 ), of which 6.9% and 6.5% passed the threshold for alexithymia (assessed as a binary trait, clinical cut-off TAS-20! 61), at the ages of 31 years and 46 years respectively. Those above the threshold for alexithymia at 31 years showed an average decrease of 8.48 points at 46 years (p<0.0001). The mean values for BMI, at age 31 years and 46 years, were 24.29 (±4.25) kg/m 2 and 26.68 (±4.94) kg/m 2 , respectively. Individuals with the smallest change in BMI (+/-5% kg/m 2 ) (n = 888) had, on average, stable mean TAS-20 score over time (43.6±10.1 and 43.7±9.8, at 31 and 46 years respectively). In the longitudinal set (n = 3274), there was a difference in the prevalence of alexithymia between 31 years (n = 199, 6.1%) and 46 years (n = 206, 6.3%) (p<0.0001) (S1 Table) . However, only 2.2% of the total population (n = 71) remained in the clinically-relevant alexithymic category at both time points.
As expected, males scored higher on the TAS-20 scale compared to females at both time points (31y: p<0.001, 46y: p<0.001). Participants with clinically-relevant alexithymia had higher BMI at both time points (31y: p = 0.001, 46y: p<0.001). There was also an association between BMI and TAS-20 score itself across the whole population. Fig 1 shows https://doi.org/10.1371/journal.pone.0203660.g001 employment status and household income level at 31 years, the statistical differences in mean TAS-20 score between BMI quartiles (31y: p = 0.019, 46y: p = 0.002) and between BMI groups (31y: p = 0.019, 46y: p = 0.003) remained consistent. Correlation analysis for TAS-20 score at 31-and 46-year time points showed consistent positive, but weak, associations with BMI (31y: r (4841) = 0.10, p<0.0001, 46y: r (5404) = 0.11, p<0.0001).
Significant differences in TAS-20 score between BMI quartiles at 31 years were specifically due to the DIF and EOT subscales (DIF 31y : p = 0.005, EOT 31y : p<0.0001) of the TAS-20, which indicated that higher BMI individuals reported, on average, more difficulty in identifying feelings, and more externally-oriented thinking. Significant differences in mean TAS-20 score were observed between participants who had normal BMI (18.5-24.9 kg/m 2 ) and those who were obese (BMI> 30 kg/m 2 ) at the 31-year time point (p<0.0001). Longitudinal changes in BMI (ΔBMI) and TAS-20 score over the 15-year interval between the two time points showed a U-shaped relationship between quartiles of ΔBMI and mean TAS-20 score at the 46-year time point (see Fig 2) . Participants with the greatest ΔBMI (in a positive or negative direction) over the 15-year test period had higher mean TAS-20 score at age of 46 years (p = 0.003). A sex difference was observed in ΔBMI (p<0.0001). Over the 15-year study period, 4.3% of females (n = 141) remained in the obese category, as shown in Table 3 , compared to 37.6% of males (n = 85). Females and males, on average, gained 2.66 (±3.25) kg/m 2 and 2.02 (±2.56) kg/m 2 respectively and sex difference was seen in overall BMI comparison between both time points (31y: p<0.001, 46y: p = 0.002) (S1 Table) . The same pattern of sex differences was manifested in EOT subscale for all of three BMI transitions groups at both time points (all p<0.0001). 
Discussion
Here, we report a positive association between BMI and TAS-20 (as an overall score and subscales) in a large population-based cohort of European adults examined at both 31 years and 46 years of age. In addition, exploration of the changes in BMI and TAS-20 over a period of 15 years showed that the relationship between BMI change and TAS-20 score is significant at the 46-year time point. In addition, participants who had the greatest decrease or increase in BMI had higher mean TAS-20 scores (indicating lower emotional processing function), and, conversely, those with stable TAS-20 scores also had more stable BMIs. Mean differences, corroborating the correlation, indicated that the TAS-20 score increased, on average, by roughly one point for every quartile increase in BMI. There was a high variability of TAS-20 scores from the same individuals over the 15 year time period (data not shown). Only 71 participants met the criteria for alexithymia at both time points measured, indicating that the TAS-20 scale was not measuring a stable psychological trait as previously thought [19, 20] . We observed that TAS-20 scores altered over time and co-varied with concomitant changes in weight. Significant sex differences were observed in TAS-20 scores, as reported in previous alexithymia studies in the Finnish population [9, 21] , the proportion of males (54% of the total population above the threshold) was marginally higher in alexithymia cases. There have been a few neurobiological studies investigating sex difference in emotions [22] [23] [24] . Lumley and Sielky [25] suggested alexithymia has a different aetiology for males and females. They proposed that alexithymia characteristics are based on biological factors (hemispheric functioning) for males, however in females they suggest it is more likely to be developed as a consequence of emotional trauma [25] . Alexithymia has been associated with obesity and eating disorders [1, 12, 26, 27] but there have been inconsistent results in different population groups. de Zwaan [14] and Golab [15] observed that alexithymia measures did not differ between obese Polish and Austrian subjects with or without binge eating disorder respectively. However, previous small-scale case-control studies indicated that the prevalence of alexithymia in obese patients is higher than in healthy individuals [10, 11] . Nowakowski (2013) [2] and Westwood (2017) [28] suggested DDF and DIF subscales as trans-diagnostic criteria for emotional dysregulation across the eating disorder spectrum (anorexia nervosa, bulimia nervosa and binge-eating disorder). However, for patients with anorexia, scores of TAS-20 and its subscales (DDF, DIF and EOT) were significantly higher than those of normal-weight controls [28] . Other researchers reported no significant difference in TAS-20 scores between recovered anorexia patients and healthy controls [29] . This suggests that starvation or malnutrition in the acute phase of anorexia may affect alexithymia scores [28] , reflecting deficits in cognitive function and emotional regulation, based on the generally accepted James Gross' models of emotion regulation [30, 31] . A possible contribution to the increasing rate of adult obesity is poor emotion handling, which may negatively influence healthy behaviour and lifestyle. Current findings suggest that consideration of alexithymia diagnosis may help in design of treatment strategies for morbidly obese patients [32] , since alexithymic individuals have been shown to have poorer nutritional intake and decreased immune functioning [33] . Previous studies in the Northern Finland Birth Cohort 1966 have explored the connections among obesity, depression, psychosocial function and working ability [34] [35] [36] . We found the same weight trajectories as in Nevanperä [35] reporting that the obesity prevalence rate doubled over a 15-year period.
One potential limitation is that the relationship that we observed might have been confounded by lifestyle, physical and/or psychiatric conditions including smoking, drug use, comorbid conditions, locus of control and other factors. Since depression has been separately associated with obesity and with alexithymia [37, 38] , future studies will be needed to investigate TAS-20 score in subjects with and without depression, and specifically how this interacts with BMI status and weight change. In addition, the observation of changed individual TAS-20 score (previously considered to reflect a stable personality trait) over the test period, raises the possibility of designing specific strategies to improve emotion-handling capacity, for inclusion in interventions for obesity or to promote healthy regulation of eating behaviours.
Future studies regarding the association between changes in BMI/weight and emotion-processing are needed, for the direction of causality to be fully determined. To date, there has been no information in the literature exploring the phenotypic and genetic profile of alexithymia and BMI simultaneously over the life course in general populations. Mendelian randomisation and other causal studies could be conducted to determine the directions of causality between alexithymia, depression and obesity. We also speculate that the development of obesity in some cases may be associated with undiagnosed alexithymia. Deficits in emotion-processing should, therefore, be considered in the design of weight-management programmes. 
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